Abstract: AIUS (Atmospheric Infrared Ultraspectral Sounder) is an infrared occultation
Introduction

32
The annual occurrence of the Antarctic ozone hole has been well documented. For studying stratosphere by providing profiles measurments with different altitudes. As compared to detect the trace gases over the Antarctic. AIUS will operate in a solar synchronous orbit, with a 48 nominal height of 700 km. The instrument is a Fourier transform infrared spectrometer and its main 49 objective is to measure the O3 and other species in the stratosphere and upper troposphere in order 50 to study the ozone change over the Antarctic.
51
The aim of this study is to introduce the trace gas retrieval algorithm developed for AIUS and to 52 assess its performance based on ozone retrievals. In Section 2, the instrument parameters and level 1 53 processing of AIUS are introduced briefly. Section 3 describes the retrieval algorithm in detail.
54
Integrated atmosphere profiles dataset is presented and a sensitivity analysis of atmosphere profiles 55 is showed in Section 4. In Section 5, the simulated spectra and the ACE-FTS observation spectra are 56 adopted to retrieve O3 profiles and to assess the retrieval performance. 
72
since the AIUS is an interferometer, the interferogram will contain some spikes produced by the 73 effect of energetic particles due to space electromagnetic environment on orbit, which will 74 contaminate the complete spectra. Thus, some processes have to be involved to correct these errors.
75
The nonlinear behavior of the detectors is expected and characterized on-ground, which requires an 76 additional correction. This nonlinearity correction will be consolidated in-flight using 77 commissioning phase data. After that, the FFT is performed to compute the spectra. The last step is 78 to evaluate the spectra's quality by standard deviation or mean value of imaginary part of the 79 calculated spectra and then make the mark to show if the spectra is well reconstructed. "0" is for 80 good quality and "1" for bad quality.
81
Level 1 data is the spectra data which are the relative intensities of each tangent heights using 82 DN (digital number) values. Our inversion takes the transmittance converted from the Level 1 data.
83
In addition to the observation of the Sun outside and inside the atmosphere, GF5-AIUS also observes 84 the deep space to remove the instrumental emission. Commonly, the transmittance (ℎ, ) at 85 tangent point h of wave number can be calculated by the following equation: 
The inverse of the solution covariance in equation (2) 
131
where i and j are position indexes, z is the position, lc is the correlation length and |*| signifies the 132 absolute value. σ is the standard deviation calculated from the a priori.
133
In the retrieval scheme of AIUS, we adopt the " " in the Qpack 2.0 as the threshold of 
159
For all considered microwidows, scattering can be negligible and is not taken into accout in our 160 retrieval scheme.
161
Microwindows
162
The spectral resolution of AIUS is about 0.02 cm-1. Because of this, the number of data points 163 from each absorption band becomes unrealistic for an efficient inversion process. Furthermore, one
164
should avoid the effect of interfering species on the retrieval of the target species and have the best 165 information on the retrieval. Thus, the retrieval is performed using a set of narrow spectral interval
166
(called "microwindow") instead of an entire spectral band.
167
To select an appropriate set of microwindows, a sensitivity analysis with Jacobians is required.
168
First of all, we select the spectral points which are sensitive to the target gas on each cutting height 
173
The absorption lines of O3 in the infrared band are mainly located near 9.6 μm and the main 
214
The simulated spectra 1 and 2 stand for the ones using the integrated atmospheric and AFGL 215 profiles, respectively. Figures 3 and 4 show that in both spectral ranges, the simulated spectra using 
226
The O3 retrieval performance is first assessed by using simulated measurements. The 
239
The a priori, true profile and retrieval profile of O3 are shown in figure 5(a) and 6(a). The shape As the residual in both experiments seems nearly identical, only the one in the first experiment 245 is shown in Figure 7 .The lowest to the highest tangent heights is from left to right. The residuals at 246 each tangent height are within ±0.02, which are very small.
247
248 Figure 7 The residuals of the first retrieval experiment.
249
In the above retrieval experiments, = 0.8 • _ , but the shape is same. Thus, more
250
retrieval experiments are made to assessment the dependence of the AIUS algorithm on the shape of 251 the a prior profile. In this experiment, the ACE-FTS O3 level 2 products are taken as the true profiles.
252
The information of five products selected is shown in table 2. The a prior profiles are from the mean 253 monthly profiles of MLS O3 level 2 products, which indicates that the shape of the a prior profiles
254
can be different from that of the true profiles.
255 Table 2 Information of O3 L2 products from ACE-FTS. 
268
Figures 8(a) and 9(a) show that the shape of the retrieval profiles is almost the same with the 269 true profiles even that the shape of the a prior profiles is different from that of the true profiles. 
278
The retrieval experiments using synthetic AIUS spectra demonstrate that the algorithm
279
produces reasonable results and sufficient retrieval sensitivity.
280
O3 retrieval based on ACE-FTS measurements
281
Under real-world conditions, in addition to the thermal noise of the instrument, the actual 
298
The retrieval profiles, the relative difference and averaging kernels are shown in figure 10 and 
313
In this study, we have introduced a retrieval algorithm developed for an infrared occultation 
318
In the condition of experiments on simulated spectra, there are some differences depending 319 on the profile shape of the a prior. When the shape of the a prior is the same as the true profile, the 320 relative difference between the retrieval profile and the true profile is within ±5% below 60 km and 321 within 7% in the range of 60-80 km. When the shape of the a prior is and the true profile is different,
322
the retrieval profile shape still keep close to the true profile. The relative difference is a litter bigger.
323
It is mainly within 5% below 60 km, but can reach 10% near 10 km and 10-15% from 60 km to 70 km.
324
However, the relative difference is in a reasonable range. And the averaging kernels achieved 325 illustrate that the retrieval information mainly comes from the simulated observation spectra. Thus
326
the retrieval experiments based on simulated spectra indicate that the retrieval algorithm of AIUS 327 work fine and successful.
328
When it comes to experiments based on ACE-FTS observation data, the retrieval algorithm of
329
AIUS also behaves well. The retrieval experiments show that the relative differences between them
330
are greater than those in the retrieval experiments using simulated spectra. The greater relative 331 differences may be produced by the following reasons. Firstly, although the instrument parameters
332
AIUS and FTS are similar, there must be different in some of the details. Thus, some errors will be 333 brought by using ACE-FTS observation spectra as the AIUS observation spectra. Secondly, the 334 ACE-FTS levels are not the true profiles. They also have uncertainties, which will make the relative the observation spectra in the retrieval process. Nevertheless, the retrieval profiles still agree well 338 with the ACE-FTS level 2 products and the range of the relative differences is satisfactory.
339
All the retrieval experiments based on the simulated spectra and the measured spectra of 340 ACE-FTS indicate that the retrieval algorithm of AIUS is reliable and robust. Overall, the retrieval 341 profiles agree well with the true profiles or the ACE-FTS level 2 profiles. However, the uncertainties 342 of the retrieval profiles at lower tangent height are still requiring further investigations. After the 343 instrument is launched, we will improve the retrieval algorithm by fine-tuning the forward model 344 parameters according to the characteristics of the AIUS observed spectra and the instrument 345 performance. In addition, an extensive retrieval error characterization is on-going and will be 346 consolidated during the operational phase.
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